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Port Stanley Tidal Lagoon - Water Quality 
Monitoring Report 

(Monitoring Period: July, 2002 – March, 2004) 
 
 

BACKGROUND: 

In July of 2002, the SJ Conservation District began a water quality 
monitoring study at the Port Stanley tidal lagoon on Lopez island. This 
study was initiated as part of a feasibility study for restoration of the salt 
marsh and tidal lagoon system at Swifts Bay (Port Stanley). The goal of this 
study was to determine the overall condition of water quality in the 
lagoon. In particular, nutrient concentrations and fecal coliforms 
counts were investigated as an indication of whether on-site septic systems 
or agricultural runoff might be contributing to the increased algal 
blooms and general water quality decline observed by landowners at the 
study site for the last several years.  

In July of 2002, volunteers were trained in monitoring lagoon temperature, 
pH, dissolved oxygen, and nutrient concentrations. Fecal coliform testing 
and upgraded nutrient monitoring were added to the study in June of 2003. 
Five sites were monitored – four in the lagoon and one in Swifts Bay near 
the outflow from the lagoon. Data was collected every 2 weeks, for 16 
consecutive months. This report discusses the monitoring data, and also 
discusses associated factors of water condition and water quality. Study 
results will be used for identifying appropriate management strategies for 
the restoration project; in addition to the restoration construction 
measures identified for rehabilitation of the tidal wetland community at 
Swifts Bay (Port Stanley). 

 
INTRODUCTION 
 
The most recent glaciation of Lopez Island began about 18,000 years ago 
and continued until about 14,500 years ago, when glacial ice began to melt. 
As the ice sheets melted rising sea levels caused extensive erosion of coastal 
bluffs that were largely composed of unconsolidated, glacially deposited 
material. One of the affects of eroded glacial material being transported 
and re-deposited is the creation of barrier beaches. Barrier beaches are 
formed where the relocated material creates a berm parallel to the 
shoreline. The land behind the berm remains tidally influenced, but is now 
semi-enclosed. This is one way in which a coastal marsh and lagoon is 
formed. (figure-1) 
 
Coastal lagoons come in all types of shapes and sizes. The main feature is 
that the main part of the water body is separated from some tidally 
influenced area. In some cases the shoreline berm in front of the lagoon 
completely closes. In these cases the lagoon may be just receiving upland 
(freshwater) drainage for a number of years. As fresh water builds up it will 
actually press back the salt water watertable and you'll have nearly fresh 
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water with only a few salt water species that can handle the very low 
salinity to begin with. In time, a strong storm or a significant high tide 
will suddenly breech the berm and tidal water will again connect again 
with the lagoon.  
 
In the case of the Port Stanley lagoon the barrier / berm was enhanced 
during road construction many years ago, and fully encloses the salt 
marsh and lagoon. The existing tidegate provides the only means for tidal 
exchange and the salt marsh and lagoon are otherwise cut-off from tidal 
influence. Subsequently, there is a greater amount of fresh water than salt 
water coming into the lagoon. Due to low tidal flushing the sediment 
deposition process is quite advanced.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

figure-1: Typical structure of barrier beach and tidal marsh / lagoon 
 
 

TROPHIC  STATE 

Trophic state is an indicator of water quality and of the age of a 
waterbody. Lentic (standing) water bodies can be divided into three 
categories based on trophic state – oligotrophic, mesotrophic, and 
eutrophic. These categories reflect a waterbodies clarity and accordingly, 
the level of nutrient concentrations it contains. This equates to what 
stage (in life-cycle) the waterbody is currently at. 

 

Oligotrophic: This is the early stage in the life of a lentic waterbody. 
Oligotrophic conditions are generally clear, deep and free of weeds or 
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large algae blooms. They are low in nutrients and do not support large 
fish populations. 

 

Mesotrophic: Mesotrophic conditions are the next stage in lake, pond or 
lagoon's aging process. There is increased biodiversity (more variety of 
plant and animal species….a richer community, biologically). Aquatic plant 
production increases due to the accumulation of bottom sediments, which 
in turn cause phosphorus cycling. With increased phosphorus available, 
aquatic plant production increases. 

 

Eutrophic: Eutrophic conditions can be observed in the later stages of 
the waterbodies aging process (moving towards drying back into the 
land). Eutrophic waterbodies are high in nutrients and support a large 
biomass (many plants and animals living in the lake). Eutrophic 
environments are usually either weedy or subject to frequent algae blooms, 
or both.  

 

Cultural Eutrophication 

The trophic aging process described above occurs in all lentic 
waterbodies, causing them to change from oligotrophic to eutrophic 
over time, and eventually to fill in completely. The natural timeframe for a 
waterbody to reach a state of eutrophication takes over hundreds, even 
thousands of years, however, human activities can greatly accelerate the 
process of eutrophication……this is called "cultural eutrophication". 
Cultural eutrophication can take place in as few as ten years. Runoff, 
especially from developed or agricultural areas, may carry nutrient-rich 
fertilizers, sediment, or septage and wastewater effluent. These by-products 
of human activity when reaching a waterbody add to natural 
accumulations of nutrients and, consequently accelerate eutrophication. 
Most human-oriented land uses, including logging and associated 
forestry practices, agriculture, and residential development contribute to 
cultural eutrophication.  

 

 

 
The Port Stanley tidal lagoon is in a eutrophic stage of succession.  
In fact, phosphate levels are so extremely high that the lagoon 
would actually be more accurately categorized as a 
hypereutrophic waterbody (see "phosphorus" discussion later in 
this paper). It is likely that this hypereutrophic condition is being 
(has been) aided by anthropogenic (human-induced) inputs.  

The goal of the Port Stanley monitoring has been to investigate 
the current condition of water quality in the lagoon and to 
determine whether water quality improvement measures, in 
addition to proposed restoration activities, should be arranged. 
Many water quality monitoring programs are geared toward 
monitoring "cultural eutrophication" in order to provide 
management direction. Due to current nutrient concentrations in 
the Port Stanley lagoon, post-restoration construction 
monitoring would be prudent. 
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PORT STANLEY TIDAL LAGOON: PHYSICAL CHARACTERISTICS 
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LAGOON MONITORING  

 

Behavior / Influence of Nutrients in the lagoon 

Nutrients are ions that organisms require for growth and survival. In 
natural conditions most of the nutrients required for plant and animal 
growth are supplied from soils and rocks in the drainage basin feeding the 
waterbody. Most are supplied in much higher concentrations than 
required by organisms. Regarding aquatic vegetation growth (primary 
production) phosphorus is the element most likely to be growth-limiting 
for algae, however, in marine environments, or those influenced by salinity, 
nitrogen may become the factor limiting plant growth in a lake or other 
fresh waterbody. Therefore, in surface water monitoring for tidally 
influenced systems nitrogen and phosphorus are important nutrients to 
monitor. 

Nitrogen 

Nitrogen (N) can occur in many forms in natural surface waters, e.g., 
ammonia, nitrate, nitrite. Nitrogen can also cycle between these different 
forms. Inorganic forms of nitrogen (nitrate, nitrite, ammonia) are used by 
aquatic plants and algae. Therefore, these are the nitrogen forms that are 
most commonly tested as, they are most biologically available. In 
particular, nitrate is important because it is relatively soluble in water 
compared to other nitrogen forms. The formation of nitrate occurs when 
decomposing organic matter releases ammonia, which is converted to 
nitrate if oxygen is present. 

In shallow waterbodies (less than 3 meters) the loading of nutrients is 
proportionally higher than in deeper waterbodies. Also, the losses of 
nutrients to potential depositories, such as the sediments or outflow are 
lower, and the rates of nutrient recycling are faster in shallow 
waterbodies, (i.e., lagoons, ponds). 

 

Nutrients enter the system via run-off or by tidal exchange. Once nutrients 

are in the system they can be taken up directly by plants or animals, or 

attach to particles and settle on the lagoon floor. Nutrients in sediments 

on the lagoon floor usually occur in a form that is not directly available 

to plants but they are processed by chemical and biological reactions for 

release back to the water in a form that plants can take up. (It is important 

to stress that the sediments have not created 'new' nutrients; they are the 

place where nutrients brought in from the catchment are recycled.) 

 

Nutrients are lost by direct removal of plants or animals from the lagoon 

or by the production of nitrogen gas in sediments (denitrification). A web 

of interactions between plants and animals acts to maintain populations of 

phytoplankton (microscopic, floating plants) , zooplankton (microscopic, 

floating animals) and carnivores (larger animals) such as some fish. 
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Disruption occurs when, for example, excessive inputs of nutrients lead to 

plant production in excess of grazers' abilities to consume it. Disruptions 

to grazers or carnivores result in a changed community structure or can 

block key biochemical processes (such as denitrification). 

The thresholds for nutrient testing in the lagoon were based on regional 
standards set by the Environmental Protection Agency for lakes. They are 
as follows:  

Ammonia (NH4) = <0.10 mg/L  

Nitrate (NO3) = <0.10 mg/L 

Testing methods for these forms of nitrogen in the Port Stanley lagoon 
were carried out using a Orbeco "The Analyst" electronic colorimeter. 
Testing ranges for the parameters monitored with this equipment are 
listed below.  

Ammonia  0.00 - 6.80 mg/L   

Nitrate   0.00 – 1.00 mg/L  

 

  

 

 

 

 

 

 

 

 

Phosphorus 

Most natural lentic (standing water) waterbodies have "total phosphorus" 
concentrations of between .001 and .100 mg/L (i.e., between 1 and 100 µg/L) . 
Phosphorus in relation to the trophic states discussed earlier would 
typically be categorized into the following range(s):  

oligotrophic (low level) = .005 - .010 mg/L  

mesotrophic = .010 - .030 mg/L 

eutrophic (high level) = .030 - .100 mg/L 

These ranges are for measuring "total phosphorus", of which roughly, 
only 20% is inorganic and readily available to organisms. This inorganic 
20% -- what we refer to as "reactive" phosphorus, or "phosphate" – is what 
we measured in the Port Stanley lagoon (not the total phosphorus level). 
So, we would expect to see the level of phosphate (reactive phosphorus) in a 

Nitrogen Monitoring of the Port Stanley Lagoon:  

Monitoring data for nitrate concentrations in the lagoon, over a ten-month period, beginning in July of 
2003. During this period 30 out of 35 water samplings tested nitrate concentrations at a level greater than 
the preferred threshold of 0.10 mg/L. Overall, nitrate levels ranged from 0.02 – 0.71 mg/L. 

Monitoring data for ammonia concentrations during the monitoring period showed ammonia at a level 
greater than the preferred threshold of 0.10 mg/L in 35 out of 35 samplings. In fact, of the 35 samplings 
75%  measured ammonia levels as high as 3.0 mg/L or greater. (threshold is 0.10 mg/L). Overall, 
ammonia concentrations measured from 0.34 – 5.43 mg/L.   
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"natural" standing waterbody to be roughly 20% of 0.001-1.000 mg/L, which 
is a range of 0.00020 – 0.20 mg/L. Following this, we would look for the 
associated levels of phosphates ("reactive" phosphorus) in oligotrophic, 
mesotropic, and eutrophic states, roughly, to be as follows: 

oligotrophic (low level) = .005 - .010 mg/L  ÷ .020 = .001 - .002 mg/L 

mesotrophic = .010 - .030 mg/L ÷ .020 = .002 - .002 - .006 mg/L 

eutrophic (high level) = .030 - .100 mg/L ÷ .020 = .006 - .020 mg/L 

Note: Phosphate levels above 0.020 mg/L would be considered extremely 
high and categorized as "hypereutrophic". 

The phosphorus concentrations discussed above deal with "natural" 
surface waterbodies. For our region the Environmental Protection Agency 
has established a threshold of ≤0.00875 mg/L for phosphate in lakes (or 
standing water systems). This threshold was used as a baseline for 
monitoring phosphate concentrations in the Port Stanley lagoon. Due to 
human impact during the last 50-100 years, we would expect to see higher 
phosphorus concentrations at the Port Stanley lagoon than those levels 
typically found in more natural (undisturbed) conditions. Therefore, our 
target threshold for phosphate concentrations will be set at 0.005 mg/L. 

PHOSPHORUS AND pH INTERACTION: The phosphorus level in the sediment is 
generally richer than in the surrounding water. Many factors can affect 
the transport of phosphorus between sediment and water. One factor is 
the pH, which affects the exchange of phosphorus between sediment and 
water. At pH values below 8, phosphate binding to metals is strong, whereas 
at higher pH values, hydroxide ions (OH-) are exchanged with the 
phosphate, which then becomes soluble in the water.  This may be an 
important part of input of phosphorus to the water of eutrophic 
waterbodies with high primary production, i.e., excessive vegetation. Add to 
this the fact that high primary production increases the pH of the water, 
and thereby promotes even more phosphorus release, which in turn 
promotes even higher algal production.  

This dynamic is likely at play in the Port Stanley lagoon, which is eutrophic 
and does exhibit high primary production during the growing season. 
Lagoon monitoring data shows that 75% of pH samplings measured greater 
than 8 on the pH scale. Therefore, data indicates that the potential for 
high primary production due to interaction of pH levels is present.  

Testing methods for reactive phosphorus (orthophosphate) in the Port 
Stanley lagoon were carried out using an Orbeco electronic colorimeter. 
The testing range for monitoring orthophosphate with this equipment is 
listed below.  

Phosphate  0.00 – 4.00 mg/L  

 
 

 
Phosphorus Monitoring in the Port Stanley Lagoon: 

Phosphate levels monitored in the lagoon during the 10-month monitoring period showed phosphate 
concentrations to be higher than the monitoring threshold (0.005 mg/L) in 100% of the samplings 
(high concentrations in 26 out of 26 samples). Overall, phosphate levels during this period ranged 
from 0.06 --0.65 mg/L. Phosphate concentrations in the lagoon do not appear to be seasonally 
influenced.  
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TEMPERATURE 

Temperature has traditionally been recognized as a key environmental 

factor in surface water ecosystems, affecting for example, distribution 

patterns, behavior, and metabolic rates of aquatic organisms (including 

fish). Most aquatic organisms are poikilothermic, which means that their 

internal temperature varies in association with the surrounding 

(environmental) temperature. Each aquatic species has a specific 

temperature range, outside of which they will not survive. There are three 

optimal temperature ranges for aquatic life, shown below. 

 

 

  

 

 

 

 

 

 

 

 

There are other factors associated with water temperature that 
contribute to the decline or death of aquatic organisms. The amount of 
oxygen that water can hold in solution decreases with increasing 
temperature.  As is true with water temperature, aquatic organisms require 
a certain amount of dissolved oxygen to maintain life systems. Declining 
oxygen concentrations in water is one factor resulting in a severe 
deterioration of living conditions for most freshwater organisms. In 
addition, temperatures influence the activity of parasites, disease, and the 
sensitivity of aquatic organisms to disease. Conversely, in a shallow 
waterbody wind mixing will increase dissolved oxygen levels…..such is the 
case in the Port Stanley lagoon. Although water temperature is seasonally 
quite high, dissolved oxygen levels were noticeably excalated throughout 
the monitoring period, sometimes measuring as high as 25.0 mg/L 
(threshold is >9.5 mg/L) 

WARM 
WATE

R 

20°-25° C 

(68°-77°F) 

BASS, SHINERS, BLUEGILLS, BULLHEADS, CARP, 
CATFISH, SUCKERS, PEAMOUTH, SQUAWFISH, 
CRAPPIE 

dragonflies, trueflies, some caddisflies 

COOL 
WATE

R 

COLD 
WATE

R 

COHO, CHINOOK, CUTTHROAT, LAMPREY, 
STURGEON, SHAD, DACE SHINERS, STICKLEBACK, 
WALLEYE, SCULPINS 

mayflies, caddisflies, stoneflies, beetles 
STEELHEAD, PINK, CHUM, COHO, SOCKEYE, 
CHINOOK, CUTTHROAT, KOKANEE, RAINBOW 
TROUT, BROWN TROUT, BROOK TROUT, DOLLY 
VARDEN, ARCTIC GRAYLING, SMELT, CHISELMOUTH, 
SCULPINS 

mayflies, caddisflies, stoneflies 

13°-20° C 

(55°-68°F) 

5°-13° C 

(41°-55°F) 
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Shallow waterbodies tend to not have a thermally distinct hypolimnion 

(bottom layers) like the deeper surface water features. In general, basin 

depths <5 - 7 meters (15 - 21ft.) do not have thermal stratification for any 

appreciable length of time. As a result, water commonly circulates for long 

periods, or continuously. Due to this, not only are the loadings of 

nutrients proportionally higher in a shallow lake (like the Port Stanley 

lagoon), but; the rate of nutrient recycling is faster, and the potential for 

nutrients depositing in sediment or outflow is lower in a shallow 

waterbody. Also, wind and waves can circulate water as deep as 20 – 30 ft., so 

a shallow waterbody would remain fairly mixed throughout the year. 

Therefore in shallow surface water systems like the Port Stanley lagoon, 

we might expect to see more homogenous readings of temperature, 

dissolved oxygen and pH than would be found in deeper, stratified 

waterbodies. 
 

 

 

 

 
pH 
The state's requirement for pH range is 6.5 – 8.5. Testing showed pH levels 

slightly elevated throughout the monitoring; and pH exceeded the state's 

standard in 43% of the samplings. The higher pH levels did appear most 

often from July thru December. 
 
DISSOLVED OXYGEN 

Oxygen is, of course, a necessary requirement for all aerobic organisms (air 
breathing animals), which include the majority of freshwater species. The 
major inputs of oxygen in surface waterbodies are either by diffusion from 
the atmosphere (small percentage) or by release from plants during 
photosynthesis. Also, the amount of oxygen fluctuates with water 
temperature changes, with biological productivity (respiration and 
photosynthesis), and with wave or wind action.  

Oxygen is produced whenever green plants grow through photosynthesis, 
which only occurs during daylight hours and only to the depths where 
sunlight penetrates. The amount of photosynthesis depends on the 
quantity of plants, nutrient availability, and water temperature. Higher 
temperatures speed up the process. In addition, aquatic plants and animals 
constantly use oxygen to break down sugar and obtain energy by a process 
called respiration. The combination of these two reactions largely 
determines the amount of oxygen in a lake at different times of the day and 
at different depths. During daylight hours, it is not uncommon to find 

Temperature in the Port Stanley Lagoon: 
Due to it's small size and shallow depth, the Port Stanley lagoon is seasonally very warm, ranging 
from 23.5° – 33.5° C (May-September). Because the lagoon is a part of the watershed drainage system 
that drains directly to marine waters, the state's water quality standard for water temperature is set at 
<16°C. Water temperatures in the Port Stanley lagoon exceeded this limit in more than 40% of 
samples tested. As would be expected, all the temperature readings that exceeded the threshold were 
taken from May thru September.  
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oxygen values in surface waters that exceed typical levels 
("supersaturation"), while at night or early morning before photosynthesis 
begins they may fall below those values. Waterbodies with high biological 
activity undergo greater fluctuations than those with few plants and 
animals.  

 
 

. 

 

 

 

FECAL COLIFORMS: 

Fecal coliforms counts provide an indication of whether there is a fecal 

source contaminating the subject waterbody. To date, 12 fecal coliform 

tests have been conducted in the lagoon. Of these, 4 samples showed fecal 

counts exceeding the state's required limit of <50 colonies / 100 ml sample 

water. Elevated counts showed fecal coliform colonies of 2000+ / 100ml, 

1000+ / 100ml, and 114 / 100ml. The source of contamination is 

undetermined. Fecal coliforms live in the intestines of water-blooded 

animals, therefore, the source could be human (i.e., failing septic systems), 

livestock generated, or could be due to the large number of birds that use 

the lagoon. There are 13 residences lining the shoreline berm, most of 

which are part-time residents. Although on-site septics are antiquated, 

overuse would not appear to be a factor. Adjacent pastureland could be 

contributing fecal coliforms through surface runoff. Preliminary 

investigation suggests that high bird use in the lagoon is the major 

contributor of fecal coliforms. If fecal counts remain high following 

restoration, these other sources should be investigated. 

 

 

 

 

 

Dissolved Oxygen in the Port Stanley Lagoon: 
Washington state's allowed minimum for dissolved oxygen in surface waters is set at >9.5 mg/L. Lagoon 
monitoring showed dissolved oxygen levels met this threshold in 99% of samples tested. In fact, due to wind-
mixing dissolved oxygen levels in the lagoon often greatly exceeded the 9.5 mg/L required minimum. 
 

Fecal Coliforms in the Port Stanley Lagoon: 
The maximum allowed number of fecal coliforms in surface waters of San Juan County is <50 colonies / 
100mL of sample water. Lagoon monitoring showed coliform counts as high as 2000 / 100mL.  The 
suspected source is local bird populations, however, if high counts continue following restoration other 
contamination sources should be investigated. 
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CONCLUSION: 

The Port Stanley tidal lagoon water quality monitoring study provides 
information about several important components of water quality; the 
resulting data of which can be used as an indication of the overall 
condition of water quality in the lagoon.  

Temperature was very high in summer months, ranging from 23.5° -- 33.5°C. 
These temperatures are too high for many aquatic organisms. The lethal 
temperature for salmonids and some important aquatic insects is 
temperatures above 25° C. Therefore, these warmer summer temperatures 
would not support important forage fish or Pacific salmon species, such as 
Coho and Chinook (optimal water temperature range is 13° - 20° Celcius). 
Although small Three-spined stickleback (Gasterosteus aculeatus) and 
sculpins (Cottidae) have been observed in the lagoon and drainage ditch, it 
is unlikely that their populations survive the summer heating of the 
lagoon.  

Dissolved oxygen levels in the lagoon are very good. This is due to the 
shallow depth of the lagoon combined with the almost-continual wind-
mixing.  

pH levels were slightly high through most of the monitoring. Typically, 
pH levels above 8.5 are considered high and pose a threat to aquatic life. 
Prolonged exposure of a slightly higher pH level of 9 is harmful to 
salmonids and perch. The pH range suitable for most aquatic organisms is 
6.5 – 8.5. Rapid photosynthesis can increase the pH of the water (by reducing 
dissolved inorganic carbon ). Also, when surface waters contain large 
amounts of dissolved organic carbon, the associated organic anions may 
add additional alkalinity. This dynamic may be the basis for elevated pH in 
the lagoon. Regardless, pH levels in the lagoon were consistently outside 
of the optimal range for most aquatic life, in particular, important fish 
species. 

Phosphorus concentrations were extremely high throughout the 
monitoring period.  High concentrations are most likely influenced by 
nutrient-rich sediment that is continually stirred and mixed, in addition 
to interaction with elevated pH levels….a typical symptom of a low-flushed, 
eutrophic waterbody. 

Fecal Coliforms were found, at times, to be extremely high. The threshold is 
50 colonies per 100mL of sample water. Fecal coliform counts were found to 
be as high as 2000+ / 100mL water. If high fecal counts continue after 
restoration is completed, on-site septic systems should be tested for 
malfunction.  
 
Overall, monitoring data shows water quality conditions in Port Stanley 
lagoon to be somewhat typical for a shallow, enclosed coastal lagoon. 
However, there have been a number of significant human-induced changes 
to this area, i.e., tidegate, house/road construction, etc.) Cultural 
eutrophication is evident, due to the consequence of low-flushing caused 
by the existing tidegate. If the lagoon had received regular (more frequent, 
more substantial) tidal flushing over the last 50 – 100 years, it is likely this 
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tidal wetland system would still contain a deeper open water lagoon with 
cooler temperatures and much greater biodiversity.  
 
It is expected that, unless restoration measures are carried out, 
eutrophication processes in the Port Stanley lagoon will continue, 
resulting in further degradation of the lagoon and surrounding marsh 
as wildlife habitat. As it is, the lagoon and low salt marsh will continue to 
trap sediments, raising the level of the saltmarsh while making the lagoon 
ever shallower; and eventually, the open water lagoon will decline and 
salt marsh will become the dominant feature.  

In light of these findings, it is recommended that restoration efforts 
include water quality monitoring during and proceeding restoration 
construction.  
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2002-03 WATER QUALITY DATA (collected at approx. 2-week intervals from 7-

10-02 to 5-22-03) 

thresho

ld 

<16°C*   (6.5 - 8.5)*      > 9.5 mL ≤ 1.00 ppm  ≤ 0.25 ppm <0.005 ppm  

 Site   

sample   

H2O temp pH  dissolved 

oxy. 

nitrate ammonia   

        1 22.2 9.6 – 9.7 8.6 – 9.0 0.00 0.00   

       2 21.7 9.5 – 9.6 9.7– 11.6 0.00 0.00   

       3 21.8 9.6 9.6– 10.3 0.00 0.00   

        1 21.0 8.2 – 9.3 8.4 –11.2 0.00 0.00   

       2 22.1 9.6 – 9.7 8.6 – 8.9 0.00 0.00   

       3 21.9 8.6 – 9.6 8.3 –13.4 0.00 0.00   

        1 22.6 8.8 8.6 – 8.7 0.00 0.00   

       2 21.1 7.5 – 7.6 9.0 – 9.5 0.00 0.00   

       3 22.4 9.0 12.8-13.0 0.00 0.00   

        1 20.6 7.3 – 7.7 9.1 – 9.6 0.00 0.00   

       2 23.0 10.0 12.7-13.0 0.00 0.00   

       3 20.7 9.2 – 9.7 9.1 –11.4 0.00 0.00   

Surf 20.3 8.1 8.6 – 8.7 0.00 0.00   

Deep 19.1 7.7 – 7.8 7.0 – 8.0 0.00 0.00   

Surf 20.5 8.3 – 8.4 9.2 – 9.7 0.00 0.00   

Deep 19.7 8.6 – 8.8 8.3 – 9.0 0.00 0.00   

Surf 21.0 9.1 – 9.2 9.1 – 9.8 0.00 0.00   

Deep 18.6 8.5 – 8.8 7.7 – 8.8 0.00 0.00   

Surf 16.7 7.8 8.2 – 8.9 0.00 0.00   

Deep 16.6 7.9 8.7 – 9.1 0.00 0.00   

Surf 16.9 7.8 8.6 – 8.8 0.00 0.00   

Deep 17.1 7.8 9.0 – 9.4 0.00 0.00   

Surf 17.9 8.4 – 8.6 10.4-11.6 0.00 0.00   

Deep 16.8 8.4 – 8.5 9.8 –11.6 0.00 0.00   

Surf 14.6 7.3 – 7.4 8.4 – 8.5 0.00 0.00   

Deep 14.1 7.2 – 7.4 8.0 – 8.3 0.00 0.00   

Surf 14.4 7.2 – 7.5 7.7 – 8.9 0.00 0.00   

Deep 14.3 7.3 – 7.4 8.2 – 8.7 0.00 0.00   

Surf 14.2 7.6 – 7.7 9.4 –10.1 0.00 0.00   

Deep 14.2 7.4 – 7.5 9.0 – 9.3 0.00 0.00   

 Site  

thresho

ld 

temp 

(16°C)*  

pH 

(6.5 - 8.5)*   

D.O. 

> 9.5 mL 

nitrate 

≤ 1.0 ppm  

ammonia  

 ≤ 0.25 ppm 

  

Surf 7.6 7.1 – 7.3 9.3 – 9.8 0.00 0.00   

Deep 7.7 7.4 – 7.5 8.7 – 9.3 0.00 0.00   

Surf 7.7 7.1 – 7.5 9.9 –10.6 0.00 0.00   

Deep 7.5 7.2 – 7.5 9.7 –11.2 0.00 0.00   

Surf 7.7 7.1 – 7.4 9.5 –10.7 0.00 0.00   

Deep 7.9 7.6 – 7.7 10.2-10.4 0.00 0.00   
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Surf -- -- -- 0.00 0.00   

Deep 7.7 7.6 – 7.7 7.6 – 8.3 0.00 0.00   

Surf -- -- -- 0.00 0.00   

Deep 7.7 7.4 – 7.5 7.7 – 8.3 0.00 0.00   

Surf -- -- -- 0.00 0.00   

Deep 7.6 7.1 – 7.3 7.8 – 8.1 0.00 0.00   

Surf -- -- -- 0.00 0.00   

Deep -- -- -- 0.00 0.00   

Surf -- -- -- 0.00 0.15 ?   

Deep -- -- -- 0.00 0.15 ?   

Surf -- -- -- 0.00 0.00   

Deep -- -- -- 0.00 0.00   
 

Note: Red indicates that the measurement is outside the preferred threshold for this 
parameter 
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